Introduction {#section1-1479972318769771}
============

Chronic bronchitis (CB) is an accepted clinical phenotype of chronic obstructive pulmonary disease (COPD) that can also occur in subjects without airflow obstruction and is associated with an increased risk of exacerbations, accelerated decline in lung function, poor quality of life, and increased mortality.^[@bibr1-1479972318769771][@bibr2-1479972318769771][@bibr3-1479972318769771][@bibr4-1479972318769771]--[@bibr5-1479972318769771]^ There are regional differences in the prevalence of CB reported around the world that vary between 3.4% and 22%.^[@bibr6-1479972318769771]^

The clinical definition of CB "cough and expectoration for three or more months per year for at least two consecutive years" is widely used in epidemiological studies allowing the comparison of the prevalence between populations and following the trends. Although this definition is easily used, previous studies demonstrated that CB is clearly underdiagnosed in the general population.^[@bibr7-1479972318769771]^

The main risk factor for CB is smoking, but it is known that the disease can occur in nonsmokers. Many other factors have been associated with CB, including air pollution and occupational or indoor exposures.^[@bibr6-1479972318769771],[@bibr8-1479972318769771],[@bibr9-1479972318769771]^ The regional variation in the prevalence of these risk factors could explain the wide range of the reported CB prevalence.

PREPOCOL was a large population-based study to establish the COPD prevalence by spirometry in Colombia. In this study, the prevalence of CB by medical diagnosis was 2.7%, but the prevalence by the clinical definition of CB and their risk factors were not addressed.^[@bibr10-1479972318769771]^ In Colombia, a middle-income country, the risk factors for CB could be different from more developed countries, particularly the indoor wood smoke exposure, occupational exposure, or previous history of tuberculosis. Due to the absence of population-based studies that determine the prevalence, underdiagnosis, and the risk factors associated with CB, we used the PREPOCOL study data to analyze the epidemiological situation in adults over 40 years in Colombia.

Methods {#section2-1479972318769771}
=======

The PREPOCOL study was an observational analytic cross-sectional study in 5539 participants over 40 years in five Colombian cities (Barranquilla, Bogotá, Bucaramanga, Cali, and Medellin) located at different altitudes above sea level (18--2640 m).^[@bibr10-1479972318769771]^ The sample size in PREPOCOL was calculated using a 1.0 adjustment for design effects, an accepted 5% for type I error, and an expected prevalence of COPD from 9.1 to 12.7, similar to the reported BC prevalence around the world. Participants were selected by a probabilistic, bi-stage clustered sampling technique; randomization of sectors was done using the official maps from the Colombian National Statistics Department. This protocol was approved by the Ethics Research Committee of the Institution (approval number 201503-20804) and the participants signed an informed consent.

Measurement and instruments {#section3-1479972318769771}
---------------------------

Each subject answered a Spanish version of the adult ATSDLD-78 respiratory symptoms and risk factors questionnaire,^[@bibr11-1479972318769771]^ with additional questions about wood smoke exposure, passive smoking, and tuberculosis history. Additional information can be found in the PREPOCOL paper.^[@bibr10-1479972318769771]^

Response variables according to questionnaire answers {#section4-1479972318769771}
-----------------------------------------------------

We used three definitions for CB: (a) Symptoms: affirmative answer to the question "Have you ever had cough and expectoration for three or more months a year for at least two consecutive years?" (b) Self-reported medical diagnosis: affirmative answer to the question "Have you ever had a diagnosis of CB confirmed by a physician?" (c) Underdiagnosis: subjects with clinical definition without self-reported medical diagnosis of CB.

Predictor variables {#section5-1479972318769771}
-------------------

The risk factors included in the analysis were age, sex, level of education, history of pulmonary tuberculosis, smoking, indoor wood smoke exposure, and occupational exposure. A history of pulmonary tuberculosis was defined as an affirmative answer to the question "Have you ever had pulmonary tuberculosis confirmed by a doctor?" Smoking was defined as active exposure to more than one cigarette per day for at least one year and passive smoking as frequent exposure to other smokers at work or home. The exposure to biomass indoor combustion in stoves was assessed by the question: "Have you ever used wood for cooking?" Occupational exposure to vapors, gases, dust, and fumes (VGDF) was defined as an affirmative answer to the questions: "Have you ever been exposed to vapors, gases or fumes in your work?" or "Have you ever had a workplace for one or more years with much dust in the air?"

Statistical analysis {#section6-1479972318769771}
--------------------

The prevalence of CB and underdiagnosis were calculated in the total group, by age and sex, and expressed as a percentage and 95% confidence interval (CI). The association of the clinically defined CB with the variables of interest was examined in a multivariate logistic regression model. All variables with a *p* value \< 0.1 in the univariate analysis were included in the final model. Estimated crude odds ratios (OR) and adjusted OR with their corresponding 95% CI were calculated. To describe the contributions to the burden of CB due to smoking, wood smoke, and occupational exposures, we calculated the population attributable fractions (PAFs). The SPSS 16 statistical software was used for the analysis.

Results {#section7-1479972318769771}
=======

Participants {#section8-1479972318769771}
------------

We included 5539 participants from 40 to 93 years, 66.8% women and 19.5% obese. From this population, 48.5% were current or past smokers, 60.7% exposed to indoor wood smoke from cooking, and 43.5% exposed to occupational VGDF. [Table 1](#table1-1479972318769771){ref-type="table"} shows other characteristics of the population and the distribution by city.

###### 

Participants characteristics (*n* = 5539).^a^

![](10.1177_1479972318769771-table1)

  Variables                                         *n*    \%
  ------------------------------------------------- ------ ------
  City of residence (altitude above sea level, m)          
   Barranquilla (18)                                1102   19.9
   Bogota (2640)                                    1106   20.0
   Bucaramanga (960)                                1103   19.9
   Cali (995)                                       1100   19.8
   Medellin (1538)                                  1128   20.4
  Sex                                                      
   Male                                             1838   33.2
   Female                                           3701   66.8
  Age, years                                               
   \<64                                             4108   74.2
   ≥64                                              1431   25.8
  Body mass index                                          
   \<30                                             4400   80.5
   ≥30                                              1067   19.5
  Educational level                                        
   No education                                     1432   25.9
   Some level of education                          4107   74.1
  Respiratory disease before 16 years                      
   No                                               4434   80.1
   Yes                                              1105   19.9
  First-degree relative with asthma                        
   No                                               4246   76.7
   Yes                                              1293   23.3
  Smoking status                                           
   Never smokers                                    2853   51.5
   Past smokers                                     1672   30.2
   Current smokers                                  1014   18.3
  History of tuberculosis                                  
   No                                               5477   98.9
   Yes                                              62     1.1
  Indoor wood smoke exposure                               
   No                                               2175   39.3
   Yes                                              3364   60.7
  Occupational exposure to VGDF                            
   No                                               3129   56.5
   Yes                                              2410   43.5

VGDF: vapors, gases, dust and fumes.

^a^Values expressed as *N* and %.

CB prevalence and underdiagnosis {#section9-1479972318769771}
--------------------------------

The prevalence of CB by symptoms was 5.5% and by medical diagnosis 2.7%. The prevalence was higher in Bogota and Medellin than in other cities (*p* \< 0.001), in men (*p* \< 0.001), in people 64 years or older (*p* \< 0.001), and in current smokers. The higher prevalence in men was found in both age groups (\<64 years and in older) and with the two CB definitions (symptoms and medical diagnosis, [Table 2](#table2-1479972318769771){ref-type="table"} and [3](#table3-1479972318769771){ref-type="table"}).

###### 

Prevalence of CB by diagnosis criteria, age and sex (*N* = 5539).^a^

![](10.1177_1479972318769771-table2)

  Age, years   Diagnosis by symptoms   Medical diagnosis                                              
  ------------ ----------------------- ------------------- -------------- ------------- ------------- -------------
  \<64         95 (7.4)^b^             87 (3.1)            182 (4.4)^c^   41 (3.2)^b^   42 (1.5)      83 (2.0)^c^
  ≥64          71 (12.9)^b^            53 (6.0)            124 (8.7)      43 (7.8)^b^   26 (3.0)      69 (4.8)
  Total        166 (9.0)^b^            140 (3.8)           306 (5.5)      84 (4.6)^b^   68 (1.8)^b^   152 (2.7)

CB: chronic bronchitis.

^a^Values as *N* (%).

^b^ *p* \< 0.001 value for differences of CB prevalence by sex in people \<64 years or older and in the whole group.

^c^ *p* \< 0.001 value for differences of CB prevalence by age groups.

###### 

Prevalence of CB by selected variables^a^.

![](10.1177_1479972318769771-table3)

  Variables                             Categories                *N*    \%           95% CI
  ------------------------------------- ------------------------- ------ ------------ ----------
  City of residence                     Cali                      39     3.5          3.1--4.0
  Bucaramanga                           54                        4.9    4.3--5.5     
  Barranquilla                          33                        3.0    2.5--3.4     
  Medellin                              85                        7.5    6.8--8.2     
  Bogota                                95                        8.6    7.9--9.3     
  Sex                                   Male                      166    9.0          8.3--9.8
  Female                                140                       3.8    3.3--4.3     
  Age ≥ 64 years                        No                        182    4.4          3.9--5.0
  Yes                                   124                       8.7    7.9--9.4     
  Body mass index ≥ 30                  No                        241    5.5          4.9--6.1
  Yes                                   61                        5.7    5.1--6.3     
  Educational level                     Some level of education   189    4.6          4.1--5.2
  No education                          117                       8.2    7.4--8.9     
  Respiratory disease before 16 years   No                        254    5.7          5.1--6.3
  Yes                                   52                        4.7    4.1--5.3     
  First-degree relative with asthma     No                        235    5.5          4.9--6.1
  Yes                                   71                        5.5    4.9--6.1     
  Smoking status                        Nonsmokers                103    3.6          3.1--4.1
  Past smokers                          103                       6.2    5.5--6.8     
  Current smokers                       100                       9.9    9.1--10.6    
  History of tuberculosis               No                        299    5.5          4.9--6.1
  Yes                                   7                         11.3   10.5--12.1   
  Indoor wood smoke exposure            No                        85     3.9          3.4--4.4
  Yes                                   221                       6.6    5.9--7.2     
  Occupational exposure to VGDF         No                        125    4.0          3.5--4.5
  Yes                                   181                       7.5    6.8--8.2     

VGDF: vapors, gases, dust, and fumes; CB: chronic bronchitis.

^a^Values expressed as *N*, %, and CI.

Using the definition of CB by symptoms and the patient self-reported diagnosis of CB, the underdiagnosis was 50.3% in the whole group, with no difference by sex (49.4% in males and 51.4% in females, *p* = 0.723), smoking history (54.4% in nonsmokers and 48.3 in smokers, *p* = 0.314), or age (54.4% in \<64 years old vs. 44.4% in the older, *p* = 0.085).

CB risk factors {#section10-1479972318769771}
---------------

In the univariate analysis, there was a significant association between CB and age, male, current smoking, no education, indoor wood smoke exposure, and occupational exposure to VGDF. There was no association with body mass index, respiratory disease before 16 years, family history of asthma, and history of tuberculosis. The non-adjusted ORs for CB are shown in [Table 4](#table4-1479972318769771){ref-type="table"}. In the multivariate analysis, the variables related to CB were living in Bogota or Medellin, male, age ≥ 64years, no education, current smoking, indoor wood smoke exposure, and occupational exposure to VGDF ([Table 5](#table5-1479972318769771){ref-type="table"}). The stronger associations were found with (OR \[95% CI\]) living in Bogota (2.71 \[1.83--4.02\]), male (2.13 \[1.63--2.79\]), age ≥ 64 (1.85 \[1.43--2.41\]), and current smoking (2.71 \[1.83--3.95\]).

###### 

Risk factors for CB---Univariate analysis.^a^

![](10.1177_1479972318769771-table4)

  Variables                             Categories                OR           95% CI     *p* Value
  ------------------------------------- ------------------------- ------------ ---------- -----------
  City of residence                     Cali                      1.00                    
  Bucaramanga                           1.40                      0.92--2.13   0.117      
  Barranquilla                          0.84                      0.52--1.35   0.468      
  Medellin                              2.22                      1.50--3.27   \<0.001    
  Bogota                                2.56                      1.74--3.75   \<0.001    
  Sex                                   Female                    1.00                    
  Male                                  2.53                      2.00--3.19   \<0.001    
  Age ≥ 64 years                        No                        1.00                    
  Yes                                   2.05                      1.62--2.59   \<0.001    
  Body mass index ≥ 30                  No                        1.00                    
  Yes                                   1.05                      0.78--1.40   0.759      
  Educational level                     Some level of education   1.00                    
  No education                          1.84                      1.45--2.34   \<0.0001   
  Respiratory disease before 16 years   No                        1.00                    
  Yes                                   0.81                      0.60--1.10   0.184      
  First degree relative with asthma     No                        1.00                    
  Yes                                   0.99                      0.75--1.30   0.952      
  Smoking status                        Never smokers             1.00                    
  Past smokers                          1.75                      1.32--2.32   \<0.001    
  Current smokers                       2.92                      2.20--3.88   \<0.001    
  History of tuberculosis               No                        1.00                    
  Yes                                   2.20                      1.00--4.88   0.051      
  Indoor wood smoke exposure            No                        1.00                    
  Yes                                   1.73                      1.34--2.23   \<0.001    
  VGDF exposure                         No                        1.00                    
  Yes                                   1.95                      1.54--2.47   \<0.001    

VGDF: vapors, gases, dust and fumes; OR: odds ratio; CI: confidence interval.

^a^Estimated crude OR and 95% CI.

###### 

Risk factors for CB---Multivariate analysis.^a^

![](10.1177_1479972318769771-table5)

  Variables                    Categories     OR     95% CI   *p* Value   
  ---------------------------- -------------- ------ -------- ----------- --
  Sex                          Female         1.00                        
  Male                         2.09           1.61   2.73     \<0.001     
  Age ≥ 64 years               No             1.00                        
  Yes                          1.84           1.42   2.39     \<0.001     
  City of residence            Cali           1.00                        
  Bucaramanga                  1.52           0.99   2.33     0.055       
  Barranquilla                 0.93           0.58   1.51     0.776       
  Medellin                     2.11           1.41   3.14     \<0.001     
  Bogota                       2.66           1.80   3.95     \<0.001     
  Educational level            No education   1.00                        
  Some level of education      1.48           1.14   1.93     0.004       
  History of tuberculosis      No             1.00                        
  Yes                          1.58           0.69   3.61     0.283       
  Smoking status               Nonsmokers     1.00                        
  Past smokers                 1.09           0.81   1.48     0.569       
  Current smokers              2.36           1.73   3.21     \<0.001     
  Indoor wood smoke exposure   No             1.00                        
  Yes                          1.44           1.09   1.90     0.011       
  Occupational exposure VGDF   No             1.00                        
  Yes                          1.44           1.12   1.86     0.005       

VGDF: vapors, gases, dust and fumes; CB: chronic bronchitis; OR: odds ratio; CI: confidence interval.

^a^Estimated adjusted OR and 95% CI. Adjusted ORs were obtained by simultaneously adjusting all other variables in the model.

The proportion of patients with CB who never smoked was 33.7%, higher in women than in men (53.6% vs. 16.9%, *p* \< 0.001). The PAFs for CB were 22.5% for current smoking, 21.0% for indoor wood smoke exposure, and 16.2% for occupational exposure (VGDF).

Discussion {#section11-1479972318769771}
==========

Summary of main findings {#section12-1479972318769771}
------------------------

In this population-based study among adults aging from 40 to 93 years, the prevalence of CB was 5.5%, which confirms that it is a common disease in adults in Colombia. It should be noted that the underdiagnosis was very high and there was a big proportion of the cases of CB in nonsmokers. Although we found a strong association between CB and current smoking, one-third of the cases occurred in subjects who never smoked; this proportion increased to more than half in women. Besides the smoking, the other risk factors of CB were male, older age, low educational level, and environmental factors such as wood smoke and occupational exposures.

Disease-specific findings and relations to the literature {#section13-1479972318769771}
---------------------------------------------------------

The CB prevalence in our study of 5.5% is in the lower range of 3.4--22% reported in worldwide studies using the clinical definition^[@bibr6-1479972318769771],[@bibr12-1479972318769771]^ but was similar to the PLATINO study in five Latin-American countries of 7.4% in COPD and 2.5% in no COPD subjects.^[@bibr13-1479972318769771]^

There are many studies showing higher prevalence of CB in males, but others have found that CB affects women more than men.^[@bibr14-1479972318769771],[@bibr15-1479972318769771]^ In our study using the clinical and medical definitions of CB, the prevalence was higher in males, in the total population, and in the two age groups.

In this study, there was a high proportion of subjects with underdiagnosed CB (50.3%): people who fulfilled the symptomatic definition of CB without a patient self-reported diagnosis of CB. There were no differences in underdiagnosis by sex, age group, or smoking status. Although the underdiagnosis was high in this study, it was lower than reported in two studies in France.^[@bibr7-1479972318769771],[@bibr16-1479972318769771]^ An international survey in North America and Europe showed a lower prevalence of underdiagnosis of 14.5%.^[@bibr17-1479972318769771]^

Although in our study the primary risk factor for CB was smoking, as on other studies,^[@bibr13-1479972318769771][@bibr14-1479972318769771][@bibr15-1479972318769771]--[@bibr16-1479972318769771],[@bibr18-1479972318769771][@bibr19-1479972318769771][@bibr20-1479972318769771]--[@bibr21-1479972318769771]^ it should be noted that 33.7% of cases of CB were in nonsmokers. This proportion is similar to previous studies in Europe^[@bibr22-1479972318769771],[@bibr23-1479972318769771]^ but lower than a study in South Africa.^[@bibr14-1479972318769771]^ While one-third of the cases in the whole group were nonsmokers, in women, the proportion was more than half. This higher proportion of CB in nonsmoking females has been observed in the other studies^[@bibr14-1479972318769771],[@bibr22-1479972318769771],[@bibr23-1479972318769771]^ and could be related to a higher exposure to indoor biomass fuels in females.

In the previous studies, the low educational level has been associated to CB.^[@bibr14-1479972318769771],[@bibr18-1479972318769771],[@bibr19-1479972318769771]^ Similarly, in this study, the low educational level was significantly associated with CB in the multivariate analyses. The mechanism of increase in the risk due to low education is unclear, since smoking, occupational and indoor wood smoke exposure were controlled in the analysis. Although the education itself cannot cause CB directly, the effect may be mediated through other mechanisms such as low socioeconomic status, other exposures, or previous diseases. Even though there is evidence that respiratory infections during childhood could be responsible for respiratory disease in adults and specifically CB in a study in Brazil,^[@bibr18-1479972318769771]^ we did not find association between CB and respiratory disease before 16 years.

Although our study was based on an urban area population, a significant proportion of participants were exposed to wood smoke for many years while living in rural areas. Similar to our results, there are many studies that confirm the association between wood smoke indoor pollution and COPD, using the clinical definition of CB or the functional definition of air flow obstruction.^[@bibr8-1479972318769771],[@bibr24-1479972318769771][@bibr25-1479972318769771]--[@bibr26-1479972318769771]^ Interestingly, the PAF for CB due to wood smoke indoor pollution was very similar to current smoking.

Our results also support the association between self-reported occupational exposures to VGDF with CB. Occupational exposure to VGDF has been related to CB in other population-based, cross-sectional, and cohort studies.^[@bibr8-1479972318769771],[@bibr21-1479972318769771],[@bibr27-1479972318769771][@bibr28-1479972318769771]--[@bibr29-1479972318769771]^ Although we did not assess a specific inhalation or job exposure, it was shown that the self-reported exposure to VGDF delineates risk exposure as well as the other methods.^[@bibr30-1479972318769771]^ The PAF for CB from occupational exposure to VGDF in our study (15.8%) was very similar to previous studies where the calculated PAF ranged between 4% and 29% with a median of 15%.^[@bibr27-1479972318769771],[@bibr28-1479972318769771]^

The history of tuberculosis has been associated to a decline in pulmonary lung function and with airflow obstruction, including the PREPOCOL study^[@bibr10-1479972318769771],[@bibr31-1479972318769771][@bibr32-1479972318769771]--[@bibr33-1479972318769771]^ but the association with CB is less clear. Although in a previous study the strongest predictor of CB was a history of tuberculosis,^[@bibr14-1479972318769771]^ we found no association between CB and tuberculosis. It should be noted that the study is underpowered to detect this association due to the few cases of subjects with a history of tuberculosis and CB.

The fact that differences in the risk for CB among Colombian cities remained significant in the multivariate analyses, after adjusting for many factors, suggests that there are other potential risk factors not included in our study. Because socioeconomic and cultural status are similar in these cities, environmental factors may play a significant role. The higher prevalence of CB in Bogota and Medellin could be related to environmental pollution because these two cities, the biggest in Colombia, have higher levels of particulate matter (PM) than the other three cities included.^[@bibr34-1479972318769771]^ Even though the association between air pollution with CB has not been supported in some studies, in a recent meta-analysis of five cross-sectional studies in Europe, a statistically significant association was found between air pollution (PMcoarse) and CB in never smokers.^[@bibr35-1479972318769771]^

Strengths and limitations {#section14-1479972318769771}
-------------------------

The strengths of this study are the large representative sample of participants aged ≥40 years and the analysis of many risk factors for CB, including occupational and indoor exposures. The probabilistic sampling technique using official maps assured that was a representative sample of the general population. Since the clinical definition of CB is widely used in epidemiological studies, this allows the comparison of the prevalence between populations. We think that our results enhance the existing literature about CB prevalence and risk factors because there are limited population studies in Latin America.

There are some limitations in our study. For the definition of the underdiagnosis we used, as in other epidemiological studies, the self-reported diagnosis of CB, and not the confirmed diagnosis in a clinical record, may lead to incorrect classification. Although we did not include the years of indoor wood smoke exposure or the pack years of smoking, the association of these risk factors with CB in our study was consistent and similar to those found in previous studies. A possible source of bias is that the participants with CB symptoms may have been more likely to report risk factors, such as occupational or wood smoke exposure than those without symptoms. With the inclusion of older people, it is possible that the memory bias and the presence of symptoms due to other common conditions, such as heart failure, could affect the results. Finally, the cross-sectional design of this study precluded establishing temporal relationships or causality.

In conclusion, the prevalence of CB of 5.5% in this population-based study among adults confirms that it is a common disease in Colombia, although the underdiagnosis was very high. Even if we found a strong association between CB and current smoking, one-third of the cases were in subjects who never smoked---a proportion that increases to more than half in women. Our findings support an association of CB with indoor wood smoke and occupational exposures.
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